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^POLARBKTRK  STUDY  OF  THL  PLAINT  MARS" 


SUMMARY 


In  this  paper  we  analyse  five  thousand  two  hundred  measures  of  the 
polarized  light  of  i-iars,  collected  during  the  last  nine  apparitions  of 
this  planet,  since  I94S. 

The  polarization  curves  for  the  bright  and  the  dark  areas  of  the 
planet  are  reproduced  for  each  one  of  the  apparitions,  for  the  wave¬ 
length  of  0.61  micron. 

The  variation  of  the  polarization  for  the  spectral  range  1.05  to 
0.45  micron  is  examined. 

The  polarinetric  and  photometric  study  of  selected  sonnies  of  mineral 
enabled  us  '  to  conclude  the  presence,  in  the  bright  areas  of  the  pl.net s 
of  a  fine  powder  of  hydrated  iron  oxid  ,  of  th  .  Iim02iite  type,  the  fin.,r 
grains  of  this  material  wrap  the  larger  ones;  Linonite  could  be  a  super¬ 
ficial  coating  on  grains  of  absorbing  material,  resulting  from  atmospheric 
weathering. 

The  seasonal  variation  of  the  polarizing  properties  of  tin  dark 
areas  of  Mans  follows  closely  the  variation  of  their  darkness  at  Mar¬ 
tian  spring;  this  suggests  a  seasonal  modification  of  thu.ir  microsco¬ 
pic  contexture. 

The  luminance  of  the  atmosphere  of  the  planet,  free  from  veils  or 
discernible  aerosols  of  sizes  larger  than  a  fraction  of  wave-length, 
amounts,  for  ^  *  0.61  micron,  to  Ka  (u.6I  micron)  =  6,0x10”^  stilb/phot; 
this  corresponds  to  a  surface  pressure  of  >0  millibars. 

Particles  much  smaller  than  the  wave— length  escape  detection  by 
the  polarimotric  tcciaiiques.  Such  particles,  if  any,  increase  the 
scattering  power  of  the  atmosphere.  The*  above  given  atmospheric  pressure- 
should  be  considered  in  such  a  case  A3  nn  upper  licit. 

The  scattering  coefficient  of  the  atmosphere  at  0.47  micron  is 
Ka(0.‘f7  micron)  =  I5.I0“r  stilb/phot.  This  value  shows  that  the  atmo¬ 
sphere-  of  the  planet  is  much  .too  transparent  in  the  blue  to  mask  the 
markings  of  the  soil.  Nevertheless,  due  to  the  very  low  contrast 
between  bright  and  dark  areas  in  the  blue,  even  very  tenuous  Veils  can 
make  the  surface  markings  disappear. 
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INTRODUCTION  : 

in  the  present  paper  are  grouped  the-  measures  of  the  polarized  light 
of  Mars  collected  since  1948.  Since  1961,  such  measures  have  boon  particularly 
develops  ’  and  extended  to  the  Infra-red  spectral  region,  thanks  to  a  research 
contract  with  the  U.S.  Air  Force  (l). 

In  this  paper  are  reproduced  the  polarization  curves  obtained  during 
each  one  of  the  nine  successive  apparitions  of  tho  planet  liars  in  the  course 
of  the  last  18  years. 

Conclusions  on  the  nature  of  the  soil  and  the  atmosphere  of  i-iars  have 
already  been  deduced  from  these  measures  (d)(4)(D).  New  results  recently  obtai¬ 
ned  and  not  published,  are  given  in  the  present  memo. 
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POLARIHET^RS  : 


Two  types  of  polarimet..rs  have  boon  used  for  tho  study  of  th  -  pi  mot 
Mars  since  1948.  Tho  visual,  fringe  polarimetor  is  a  raod^l  conceived  by  o'/ 01 
and  tho  Infra-red  photoelectric  polarinoti.r  worked  out  in  tho  scheme  of  the 
present  Research  Contract  with  tho  U.3  •  A  • •  a). 

1)  Visual  fringe  pplejrimotcr  of  lYOT  *,  A  description  of  tliis  instru¬ 
ment  has  been  given  by  jjYOT  i.i  I929~T2) .  information  on  the  same  is  equally 
given  in  a  publication  by  A.  DOLnFbS,  in  1999  (d).  Tho  visual  fringe  polari- 
meter  of  hYUT  has  been  reproduced  many  times  by  the  branch  Society  Ets.  Jobin 
&  Yvon  on  behalf  of  a  number  of  observatories.  The  instrument  comprises  a 
Savart  polariscope  placed  between  the  eyepiece  and  th.:  eye  of  the  observer. 
This  polarimetor  gives  a  set  of  very  close  interference  fringes  when  the 
incident  light  is  polarized;  the  observer  sees  the  planet  striated  by  the 
fringes  of  the  polariscope.  A  v..ry  tliin  celluloid  plate  is  interposed  in  th. 
beam;  this  plate  can  be  tilted  by  the  observer  at  will  Mnd  introduces  a  pola¬ 
rization  of  the  light  alluwing  compensation  of  the  polarized  light  of  the 
planet,  tho  compensation  is  accomplished  when  fringes  disappear  on  the  plane¬ 
tary  region  having  the  same  polarization  as  the  compensating  plate,  aurouvor, 
an  auxiliary  plate,  the  principle  of  wliich  is  given  in  JjYOT' 3  article  (l)(4), 
increases  the  sensitivity  of  the  instrument  .and  allows  the  observer  to  per¬ 
ceive  visually,  on  small  areas  of  the  surface  of  tho  planet,  proportions  of 
polarized  light  of  the  order  of  1  thousandth.  A  specimen  of  observ  iii^i 
through  this  polarimetor  is  given  later  (see  Fig.  l). 

2 )  Photoelectric  polarimetor  : 


Tho  principle  of  this  polarimetor  was  described  in  a  note  yubliehe  : 
in  the  "Comptos  Hindus  do  1' Academic  des  Sciences"  in  1998  by  A.  DGlLFUS  (vb). 
A  new  modulator  of  polarized  light  was  described  in  I960  (7). 


Tho  polarineter  works  according  to  the  following  procedure  • 

The  light  coming  from  the  planet  .and  cullectod  by  the  telescope  is 
focused  by  a  Fabry  lens  giving  a  small  image  of  the  mirror  of  tho  telescope. 
In  front  of  this  lens,  a  compensator  of  polarization  is  introduced  acting  by 
reflection  :md  transmission  of  light  through  a  tilted  plate  according-  to 
Fresnel  lavas.  The  focal  plane  of  tiio  image  of  the  mirror  given  by  tho  Lais 
coincides  with  the  rotating  wheel  of  th;  modulator  of  poLarization.  The  pur¬ 
pose  of  the  modulator  is  to  introduce  periodically  fast  rotations  of  90^  in 
th~  direction  of  polarization  of  the  light. 

The  modulator  (7)  is  followed  by  a  birefringont  prism,  splitting 
the  light  into  two  beams  and  .acting  like  two  analysers  working  simultaneously 
at  90- .  The  non-pel arized  part  of  the  incident  berm  is  not  altered  by  the 
modulator  but  only  split  into  similar  b  jams  of  constant  intensity  by  the 
birefringont. 


Tho  polarized  part  of  the  incident  light  is  alternately  transmitted 
in  each  beam.  The  result  is  a  flickering  due  to  relative  intensity  of  the 
two  beams,  proportional  to  the  intensity  of  tho  polarized  part  of  the  incident 
light.  The  photoelectric  cells  are  photomultipliers  hu.in^,  caesium  photoca¬ 
thodes  on  oxidized  silver  for  the  Infra-rod  measures,  or  an timony-caesium  for 
measures  in  the  visiblu  or  ultra-violot  spectrum.  For  tho  far  Infra-red  we  use 
lead-sulfide  photocells. 


modulatin 

rectifier 

wheel. 


Tho  a.c.  resulting  current  feeds  a  specially  designed  amplifier,  the 
g  frequency  lying  near  dp  cycles/sec.  Tho  amplified  current  foods  a 
,  synchronoously  attached  to  the  optical  modulation  by  th-  modulating 


Tho  gain  of  the.  amplifier  is  such  as  to  give  the  level  of  fluctua¬ 
tions  due  to  the  photocell  directly  recorded  by  a  microomn-tcr.  Op  rating  the 
polarization  compensator  in  front  of  the  instrument,  the  observer  is  able  to 
match  exactly  tho  unknown  polarization,  until  the  deflection  of  tho  micron in¬ 
motor  is  exactly  cancelled,  so  long  as  fluctuations  aro  observed.  The  sensi¬ 
tivity  c  m  be  increased  in  proportion  to  the  square  root  of  tho  integration 
time  by  the  use  of  an  electric-flux  integrator. 

For  the  study  of  tho  planet  liars ,  we  used  a  photoelectric  polari- 
metor  of  thw  above  type  equipped  with  Infra-red  cells  for  observation  between 
0,7  and  1,1  micron  wavelength.  A  description  of  this  instrument  is  given  in 
the "Annual  Summary  Report  pS  2"  of  the  Contract  AF-6l( 092 )-908. 

photocells  arw  photomultipliers  with  7  stages  of  dynodes  increasing 
the  photo  current  1000  times.  Tho  phctocathodcs  are  caesium-coated  silver 
with  oxidation  to  increase  the  quantum  efficiency  in  tho  Infra-red.  The  two 
photocells  have  to  be  cooled  with  dry  ice. 


This  polarimoter  is  used  with  three  selective  filters  isolating 
three  spectral  domains  centered  on  the  wavelengths,  0,89,  0.99  and  I. Op  mi¬ 
crons.  Th^  transmission  curves  of  these  filters  are  reproduced  in  the  "Annual 
Summary  Report  N2  9"  of  Contract  AF-6l(052)-508  and  publication  (8).  At  room 
temperature  the  instrument  is  able  to  detect  at  I. Op  micron  a  flux  of  pola¬ 
rized  light  of  2  to  3.10“^  Watts,  with  1  soc.  integration  time. 


When  tho  photocells  are  cooled  with  dry  ice,  the  threshold  of  sensi¬ 
tivity  is  reduced  to  about  Watts.  With  the  help  of  the  integrating  flux- 

motor,  successive  integrations  of  several  tenths  of  a  second  enable  us  to 
detect  amounts  of  polarized  light  of  the  order  of  I0“H  Watts. 


Through  a  40i_-  telescope:,  the  planet  Venus  gives  a  f  lux  of  the  order 
of  IO-7  Watts,  in  which  the  polarimoter  is  able  to  detect  .an  amount  of  pola¬ 
rized  light  of  I/IUOO.  On  Mars,  tho  flux  is  of  the  oruor  of  10  times  smaller, 
and  requires  integration  to  reach  ths,  same  accuracy.  On  Jupiter,  the  flux  of 
2  to  p.I0“^  requires  successive  sequences  of  integrations  to  give  satisfac¬ 
tory  results.  The  case  of  the  Moon  is  simple,  so  that  small  are. is  of  th~ 
surface  can  bo  selected,  corresponding  to  soil  materials  of  different  albedos, 


TELESCOPES  : 


a)  The  visual  fringe  polar im-ters  have  bean  used  sinc„  1948,  princi¬ 
pally  with  refractors,  in  view  of  the  fact  that  refractors  jive  sharper  images 
than  reflectors  for  the  measurenent  of  small  areas  localized  on  tho  surface 

of  tho  planet  i-iars.  The  visual  polarimeters  were  used  in  Franco  with  the  fol¬ 
lowing  instruments  : 

1)  'The  60  cn.  refractor  of  the  Pic-du-iddi  Observatory,  in  the  Pyre¬ 
nees  (alt.  2870  m.).  This  refractor  was  mounted  at  this  Observatory  by  d.  hYOT 
in  1943,  specially  for  tho  study  of  the  surfaces  of  planets  with  a  high  resol¬ 
ving  power.  A  description  of  this  instrument  has  been  giv.ni  by  nYuT  in  1953 
(9).  The  particular  application  of  this  refractor  in  polarimotric  measurement.', 
was  described  in  1955  by  A.  DOLLFUo  (3). 

2)  The  83  cm.  refractor  of  the  rloudon  Observatory.  This  instrument, 
which  is  the  largest  refractor  se  far  built  in  Europe,  was  recently  moderni¬ 
zed  by  P.  i-iULLLR  and  has  operated  since  1965  in  the  field  of  polarinetry.  A 
description  of  this  instrument  has  beer,  given  by  P.  iIULLER  in  1965  (Io). 

3)  The  30  cm.  refractor  of  tho  Heudon  Observatory.  In  order  to  dis¬ 
charge  the  instruments  of  great  aperture,  when  no  high  resolution  is  required, 
a  small  30  cm.  aperture  refractor  was  mounted  in  1964  at  tho  M^udon  Observa¬ 
tory.  The  object  glass  ratio  is  f/lO.  Tho  instrument  with  its  equatorial  mount¬ 
ing  is  housed  in  a  mobile  cabin  in  the  Observatory's  park.  Through  this  ins- 

t rumen t,  a  great  number  of  polarimotric  measures  of  tho  whole  planet  Mars  or 
the  large  bright  and  dork  areas  of  its  surfac-  wer^  secured. 

Furthermore,  the  visual  fringe  polar imeter  was  us~d  from  tim^  to 
time  with  the  43  inch  reflector  of  th^  Pic-du-IIidi  Observatory,  principally 
for  taking  measures  in  blue  light. 

b)  The  photoelectric  po lari-miters  measure  the  light  coning  from  tho 
whole  planet  in  tho  Infra-red  domains  .  It  requires  a  large  quantity  of 
light.  Consequently,  such  polarimoters  are  used  with  reflectors  of  great  aper¬ 
ture.  Our  Infra-red  polarimet^r  was  used  with  the  following  two  instruments 

1)  Tho  40  inch  reflector  of  the  Iloudon  Observatory.  This  old  ins¬ 
trument  was  put  into  operation  those  last  years,  thanks  to  the  U.5.A.F. 

Research  Contract  iT-6l(052)-  508  (l).  The  ancient  i.ewtonian  arrange¬ 

ment  has  been  transformed  into  a  Cassegrain-coude  combination.  A  complete  des¬ 
cription  of  the  relative  optical  and  mechanical  modification  is  giv^n  in  the 
"annual  Sum,. 1  ary  Report  h-i  2"  of  the  said  Contract.  In  the  same  Report  are 
also  given  the  tests  of  the  qualities  of  th„  optical  surfaces  as  well..;;  tho  ,ea- 
surer. ant  of  th..  pnroe.tic  polr.nz.alke.  i.tioducodby  the  coude  mirror.  Th..  way  of 
carrying  out  measurements  for  the  correction  of  the  instrumental  polarization 

is  described  in  the  "Annual  Summary  Report  NS  3"  and  a  publication  of  1965  (8) 

2)  The  43  inch  reflector  of  th-  Pic-du-iiidi  Observatory  ;  This  new 


instrument,  put  into  operation  those  lost  years  at  the  Pic-du-i-Iidi  Station, 
was  used  whenever  it  was  necessary  to  take  measures  on  planets  of  lower  albedo, 
such  as  Jupiter  or  uars  when  at  a  great  distance  from  the  barth.  A  descrip¬ 
tion  of  this  instrument  was  published  by  J.  Rosch  ( 11 ) . 
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STUDY  OF  THE  POLARIZATION  OF  THE  LIGHT  OF  MARS  : 


The  purpose  of  the  measurements  of  the  polarization  is  the  determi¬ 
nation  of  the  quantity 


which  is  called  "proportion  of  polarized  light"  and  I2  -are  the  intensities 
of  the  two  components  of  the  transverse  orthogonal  vibrations.  This  quantity 
"P"  varies  from  one  point  of  the  disc  of  the  planet  to  .another,  as  a  function 
of  the  phase  angle  "V"  at  which  the  planet  is  observed.  Plotting  on  a  graph 
the  proportion  of  polarized  light  P  as  a  function  of  the  phase  angle,  we 
obtain  the  curve  of  polarization  for  a  given  area  of  the  disc  of  Mars. 


The  photoelectric  measures  collected  those  last  years  referred  to 
the  light  of  the  whole  disc  and  gave  the  global  curve  of  polarization  of  the 
planet. 


The  measures  taken  through  the  visual  polarinet-jr  referral  to  small 
areas  localized  on  the  disc.  A.  DOLLfUS  has  undertaken  measures  of  different 
areas  of  Mar3  since  1948  (3) (4) (5).  J.H.  Focas  joined  this  great  program  from 
1954  (12)  (ij).  The  observations  wore  also  ablo  to  be  dovelopad  thanks  to 
co-oporation  between  observatories  spread  over  different  longitudes  through¬ 
out  the  world  which  joined  the  said  program.  The  observatories  of  Pic-du-ilidj. 
Meudon,  Athens,  Harvard  and  Kiev  contributed  to  this  observational  campaign, 
coordinated  by  the  International  Astronomical  Union  through  its  Commission  16 
"Physical  Study  of  Planets  and  Satellites".  Since  1961,  the  U. 3. A J1.  Research 
Contract  (052)  -  508  has  allowed  a  Larger  development  of  these 

observations.  We  now  have  at  our  disposal  more  than  5200  measures  taken 
during  the  9  Inst  apparitions  of  the  planet  Mars  sine,.  1948.  Table  K?  I  giv^s 
the  measures  taken  in  orange  light  during  each  one  of  the  apparitions  and 
contains  :  the  Observatory,  the  Observer,  the  number  of  observing  nights,  the 
number  of  measures  and  their  total  number  for  each  opposition.  All  measures 
reported  in  this  Table  wore  taken  with  the  visual  fringe  polarimeter  of  lYOT 
and  refer  to  small  areas  of  the  Martian  surface  with  the  exception  of  those 
taken  at  Kiev  Observatory  by  Morozenko  through  a  photoelectric  photometer. 

Fig.  I  gives  an  example  of  .an  observing  session  through  the  visual 
polarimeter  :  the  values  of  the  proportion  of  polarized  light  p  are  expressed 
in  thousandths;  they  refer  to  areas  of  the  surface  of  the  planet  of  a  sizv.  of 
1.5  sec.  of  arc.  The  measures  are  accompanied  by  appreciation  on  the  tr.rinspa- 
rency  of  the  Martian  atmosphere;  a  drawing  taken  in  blue  light  is  added  for 
information.  Moreover,  the  longitude  of  the  central  moridicn  *A- ,  the  latitude 
of  the  center  of  the  disc/,  the  apparent  diameter  of  the  disc  d,  the  phas^. 
angle  V  and  the  heliocentric  longitude  /y  of  the  planet,  are  given. 

The  observation  reproduced  in  Fig.  I  was  teken  on  February  26, 
for  the  phase  angle  V  =  15.5;  the  proportion  of  polarized  light  on  the  hr.'ght 
areas  at  tho  Conter  of  disc  was  -4.2  thousandths;  this  value  persists  jh  the 
risin  ,  limb  on  the  right,  which  was  considered  to  b^  free  from  sny  nppreci  ibL 
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atmospheric  voil.  The  dark  areas  show  a  stronger  negative  polarization.  The 
polar  cap  shows  a  zero  polarization.  At  the  setting  limb,  on  the  left,  strong 
anomalies  of  the  polarization  characterize  veils  made  manifest  by  their  white 
appearance  along  the  limb  of  the  planet;  such  veils  disturb  the  polarization 
to  a  greater  extent  than  that  seen  by  the  visual  observer. 

One  of  the  two  white  spots,  at  the  limb,  shows  a  zero  polarisation 
of  the  clouds  but  characterizes  a  hoar  frost  deposit  analogous  to  that  of  th^ 
polar  caps.  Similar  observations  token  previously  have  already  shown  that  this 
area  called  "Nix  Olympica"  should  be  a  high  mountain  mass  wrapped  in  a  cloudy 
voil  with  some  peaks  covered  by  hoar  frost  which  seem  to  emerge  from  the 
cloud  layer. 

Observations  of  this  kind,  collected  in  1948,  1950  and  1952  have 
already  been  published,  as  well  as  the  analysis  of  the  relative  results,  by 
A*  DOenFUS  in  1955  (3).  Some  observations  taken  during  th„  apparitions  of 
1961,  1963  and  1965  haVw  net  boon  published  and  ar^ .  reported  in  the  present 
momo  • 


Since  1963,  thrnks  to  the  support  of  a  Research  Contract  with  the 
U.3.  Air  Force,  observations  have  been  carried  out  with  ttn  visual  fringe 
polarinotor  in  different  spectral  regions,  covering  the  apectrumirom  the  vi¬ 
sible  rod  to  the  blue  and  have  been  extended  in  the  Infra-rod  to  1,05  micron 
by  means  of  the  photoelectric  pol ".rime ter  (14). 
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TABLE  I 

MEASURE;  0?  THE  POLARIZED  LIGHT  OR  MARS  IN  ORANGE  LIGHT  -  0.61  MICRON 


Year 

1948 


1952 

1994 


1956 


1958 


Observatory 
j  PIC-DU-MIDI 


PIC-DU-MIDI 


!  PIC-DU-MIDI 

4 - 

!  PIC-DU-MIDI 

i 

\  ATHENS 
1 


!  PIC-DU-MIDI 

i 

I 

!  ATHENS 


Observer  «  Observing  Number  of  Total 

nights  j  ^measures  ; 

DOLLFUS  1  25  550  350 


PIC-DU-MIDI 

ATHENS 


FOCAS 

FOCAS 


1960-61 

PIC-DU-MIDI 

-  1 

FOCAS  ; 

MORIN 

!  ATHENS 
♦ 

FOCiiS 

1963 

PIC-DU-MIDI 

DOLlFUS 

i-IAURICE 

MORIN 

ATHENS 

FOCAS 

KIEV 

MOROZENKO 

HARVARD 

A.  YOUNG 

1965 

PIC-DU-iilDI 

DOLLFUS  | 

FOCAS 

MEUDON 

FOCAS 

1  DOLlFUS 

KIEV 

!  i  iOHOZENKO 

440  ) 
55  ) 
260  ) 


372  ) 
236  ) 


543  ) 
30  ) 
62  ) 


170  ) 
50  ) 
19  ) 
214  ) 
61  ) 
3  ) 

350  ) 
64  ) 
185  ) 
61  ) 
26  ) 


1308 
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POLARIMMTRIC  STUDY  Of  IHm  PLAHET  K«R3  II.'  1963 

In  1963,  wo  requested  the.t,  in  tho  scheme  of  the  activities  of  the 
Commission  16  of  the  International  Astronomical  Union  "Physical  Study  of  the 
Planets  and  Satellites",  different  observatories  situated defer ont  terres¬ 
trial  longitudos  and  equipped  with  polarimotors,  carry  out  polnrinetric  ob¬ 
servations  with  a  view  to  a  concerted  study  of  the  planet  Mars.  Thanks  to 
the  support  of  Intern.  Astr.  Union,  the  Observatories  of  Pic-du-.iidi,  Meudon, 
Athens,  Kiev  and  Harvard  carried  out  such  observations  which  have  been  analy¬ 
sed  at  the  Meudon  Observatory,  Fig.  2  gives  a  sp-cimen  of  the  measures  taken 
on  the  bright  areas  of  Mars  at  the  center  of  the  disc.  The  observatories  are 
characterised  by  different  symbols.  The  proportion  of  polarized  light  is  ex¬ 
pressed  in  thousandths.  The  measures  taken  by  the  different  stations  agree 
to  one  thousandth  approx,  and  do  not  seen  to  defend  upon  tho  Observatory, 
Observer,  or  instrument.  The  curve,  in  heavy  line,  gives  the  polarization  of 
the  soil  of  Mars,  its  atmosphere  being  fr^-e  from  apparent  veils.  The  discre¬ 
pancies  characterize  the  status  of  purity  of  the  Martian  atmosphere;  in  fact 
there  arc  white  veils  of  ice  crystals  and  yellow  Veil3  of  fine  dust,  persist¬ 
ing  sometimes  in  the  planet' 3  atmosphere  and  perturbing  the  polarization. 
Their  polarizing  properties  have  been  studied  in  previous  publications  (3) 

(4) (5) (12) (Ij).  On  Fig.  2,  the  measures  taken  between  _a  and  b_  cover  the 
period  1st  to  30th  December  1962;  they  are  in  agreement  with  the  mean  curve 
of  the  bright  ar-as  traced  with  h^avy  lino,  established  ir.  the  absence  of 
veils;  it  results  that  during  the  period  concerned  the  Martian  atmosphere 
was  very  pure.  From  the  1st  to  the  I5th  of  January  1963,  i.o.,  between  Id 
and  c,  on  the  figure,  light  haze,  of  t-n  invisible,  affected  the  transparency 
of  th^  Martian  atmosphere;  from  _c  to  d_,  the  angle  of  vision  wa3  too  small 
to  obtain  significant  results.  Between  I5th  February  and  30th  March  1963, 
fra*  £  to  exceedingly  scattered  no  .sures  and  very  low  v  llues  indicate  the 
presence  of  yellow  v~il3  complementing  some  ice  crystal  clouds.  Till  tho 
middle  of  liny,  from  £  to  £,  th~  y-llow  Veil3  di3appeared,  but  sono  localized 
haze  of  ice  crystals,  manifested  by  anomalies  at  the  disc's  limb,  induced  a 
further  scattering  of  the  measures. 

The  detailed  study  of  observations  similar  to  those  of  Fig.  1  allow 
the  localization  and  density  of  tho  atmospheric  veils  or  the  dust  clouds  and 
establish  the  manner  of  their  evolution.  Such  a  study  does  not  enter  into 
the  scheme  of  the  present  publication.  The  observations  are  grouped  at  the 
Meudon  Observatory  where  they  are  available  for  the  study  of  the  Martian 
clouds  as  required. 
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POLARIMETRIC  STUDY  OF  THE  PLANET  MARS  IN  19C5  : 

During  the  apparition  of  1965,  cc  'erted  observations  were  under¬ 
taken  at  Pic-du-Midi  and  Meudon  Observatories  by  A,  DOLLFUS  and  J.K  FOCAS 
the  different  telescopes  of  the  two  Observatories  qere  used  simultaneously. 

The  measures  have  been  obtained  with  the  visual  polar ir.ctcr  through  5 
colour  filters  cutting  down  the  spectral  domain  by  intervals  centered 
respectively  on  0,47,  0,50  0.53,  0,60,  0,63  micron.  The  photoelectric 
polar ime ter  was  used  in  the  domains  ;  0.03  0.95,  and  1»05  micron.  All 

measures  are  reported  in  Table  II.  Figure  3  shows  the  measures  obtained  on 
the  bright  areas  of  Mars  at  the  disc's  center  for  a  wave  length  of  0.60  micron. 


TABLE  II 


MEASURES  OF  Ti!E  POLARIZED  LIGHT  OF  HARS  III  DIFFERENT 


WAVE  LriTGTIIS 


( 

( 

( 

( 

( 

( 


Observatory 


Instrument 


N  u 


2  r 


n  f 


r.  sure 


1  9  C 


Visual  fringe  polarimeter  of  Lyot  Photon lect..  ic 

J  :  Polar  me  ter 


''=0.47 : '*0.50 :A«0. 53 ;  A*0„60 ;  X=0 .63 '  A=0 .83  \=0.?5  a-- 


( 


( 

(  MEUD01I 

( 

( 

30cm  Refractor 

83cm  Refractor 

:  24  . 

«  • 

:  6 

•  9 

• 

26 

24 

44 

04 

,  26> 

• 

12 

( 

( 

60cm  Refractor 

• 

•  • 

*  A 

7.3: 

3 

60 

2 

(  PIC-DU-MIDI 
( 

107cr:i  Reflector  : 

f  o 

0  4. 

7  r  51  ; 

50 

187 

:  31 

( 

( 


2 


) 


) 

05) 
-  -) 

; 

) 

) 

) 

) 

_ h 

—  i 
) 
) 
) 

) 

> 

/ 

_) 
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The  curve  traced  with  a  heavy  lino  shows  the  polarisation  of  tl.o 
soil  when  the  Martian  atmosphere  is  particularly  transparent.  From  December 
1961*  till  the  end  of  1965,  from  g  to  h  on  the  curve  of  fig. 3.  the  polariza 
tion  characterises  the  soil  of  the  planet  seen  through  t  very  pure  atmosphere 
During  the  last  period,  from  j  to  1,  there  are  discrepancies  ar onp  the  me  as  or 
of  polarization,  due  to  the  ratherfrequent  presence  of  veils,  which 
seem  to  consist  of  ice  crystals.  The  measures  taker,  on  the  dark  areas  of  the 
surface  of  the  planet  arc  reported  in  fig.  27. 

Fig.  U  and  5  show  the  polarisation  curves  of  the  bright  -uxos  of 
!!ars  measured  at  the  center  of  the  disc  through  different  colour  filters. 

As  it  results  from  fig.  U,  the  shape  of  the  polarization  curves  varies  very 
slightly  with  the  wave  length  in  the  Inflra  Red  range.  Fig.  5  shows  a  pro¬ 
gressive  diminution  of  the  phase  angle  for  vhich  the  polarisation  is 

zero  and  the  increase  of  the  slope  of  the  positive  part  of  the  curve.  It 
will  he  shown  later  that  such  properties  characterize  the  atmosphere  of  the 
planet  Mars  and  allow  a  determination  of  its  transparency  in  blue  light. 

By  the  end  of  June  19^5.  the  phase  angle  reached  the  value  of 
V  ■  39°  ,  which  was  the  maximum  accessible  value  of  that  year.  'Jo  reported 
on  Fig.  C  and  7  the  proportions  of  polarized  light  measured  or.  the  bright 
areas  at  the  center  of  the  disc  as  a  function  of  time,  during  the  months 

of  May,  June-  and  July,  for  each  one  of  the  spectral  domains,  red,  orange,  gre 

and  blue-green.  The  heavy  line  shows  what  should  be  the  variation  of  the 
polarization  if  the  atmosphere  of  the  planet  were  free  from  veils .  It  cur.  be 
ascertained  that  this  was  the  ca3e  during  the  month  of  May  .  on  the  contrary, 
in  June,  strong  discrepancies  of  the  polarization  have  beer,  recorded  for 
each  ore  of  the  four  wave  ler.ghts ,  all  in  the  positive  sense.  Such  discre¬ 
pancies  are  explained  by  the  presence  of  faint  veils  of  ice  crystals.  These 
veils  were  observed  as  diffuse  white  formations  but  for  the  most  port, 
there  was  but  a  slight  increase  of  the  polarization  of  the  light  a’hon  these 
regions  were  seen  obliquely  along  the  rising  or  the  setting  limbs  of  the 
planet . 


During  this  epoch  the  Martian  atmosphere  seemed  to  be  free  from 
dust  clouds  ,  the  presence  of  such  clouds,  if  any,  should  be  revealed  by 
a  diminution  of  polarization.  Fig.  6  and  7  show  that  the  discrepancies 
of  the  polarization  given  by  the  white  veils  ore  stronger  towards  the  red 
than  towards  the  blue. 

We  shall  see  later  how  these  observations  allow  the  determination 
of  the  transparency  of  the  atmosphere  of  Mars  in  blue  light. 


MARS  1965 


•  VISUEL 

O  PHOTOELECTRIQUE 


0  5  10  15  20  25  30  35  40  45  V 


MARS- REGIONS  CLAIRES 
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oURVLY  OF  TIIL  POLARIhETRIC  :1A3UR£IJL1!T3  OF  TIuI  LIGHT  ARliU  OF  MARC 


Since  the  beginning  of  cur  observations ,  took  place  successively ; 
tae  following  apparitions  of  liars  :  1DU5,  1950,  1952,  195**.  1250,  1953.  I?o0 , 
1963  and  19o5.  For  each  one  of  these  apparitions ,  we  traced  polarisation 
curves  of  the  bright  ureas  of  the  pliuiet  at  the  center  of  the  disc. 

Curves  concerning  the  ..pp..ritions  of  I9U6,  19^6,  1950  and  1952  have 
already  beer,  published  in  1955  (3).  The  observations  of  123  k  to  1905  «x 
reported  on  Fig  0  to  13.  much  one  tf  these  figures  gives  ir.  -bcissae  the 
ohwsu  angle  end  the  hekicceatric  longitude  of  the  planet  .aid  in  ordinates 
the  proportion  of  polarized  light.  Heavy  lines  represent  the  polarisation 
of  the  soil  of  oars  when  it  is  observed  through  the  atmosphere  of  the 
planet  free  from  veils  or  clouds.  In  195k,  Fig.  3,  the  atmosphere  of  the 
planet  seemed  to  be  particular  ly  transparent  during  the  whole  .nparitior.. 

On  the  contrary,  in  1256,  Fig.  2,  it  was  particularly  disturbed  by  persistant 
yellow  veils,  recorded  by  numerous  observers.  Ir.  1253,  Fig.  10,  the  Ilartiar. 
atmosphere  w..s  transparent  during  the  first  part  of  the  observational  period 
up  to  the  opposition  ;  aftervards,  the  polarization  revealed  the  presence  of 
some  yellow  veils  ,  such  veils  would  escaped  any  other  observational  procedure 
than  polarization. 

Ir.  i960,  the  Ilartiar.  atmosphere  as  a  whole  was  sufficiently 
pure,  fig.  11. 

The  observations  of  1963  and  19C5  (fig.  12  and  13)  have  been 
commented  previously. 


MARS  Polarisation  des  regions  claires 
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IDENTIFICATION  OF  THE  MATURE  OF  THE  SOIL  OF  THE  PLANET  MARS  : 

The  polarization  of  the  light  of  the  bright  areas  of  the  surface  of 
Mars  allows  the  interpretation  of  the  nature  of  the  30il  of  this  planet. 

a)  Previous  investigations  :  ftio  first  researches  for  the  identifi¬ 
cation  of  the  nature  of  the  soil  of  Mar3  by  means  of  the  polarization  of  the 
light,  have  been  published  in  1951  by  A.  DOLLFUo  (15).  These  studies  can  be 
summarized  as  follows  (j})  : 

"Studies  developped  in  the  laboratory,  show  that  such  polarizations 
necessarily  characterize  a  vory  absorbent ,  pulverized  and  opaque  substance. 

There  are  but  vory  few  substances  which  show  an  inversion  of  the  po¬ 
larization  for  such  a  high  phase  angle  as  288 ;  this  material,  moreover,  shows  a 
negative  polarization  when  observed  obliquely;  such  a  negative  polarization  is 
not  usually  associated  with  the  above  stated  property  of  inversion  of  the  po¬ 
larization  at  288  angle  of  vision.  It  restricts  the  field  of  study  to  well  de¬ 
fined  substencos  and  favours  the  selection  of  a  sample. 

Different  rod  sandstones  vory  absorbent,  crushed,  pulverized  or  oiftod 
in  various  ways  have  been  tried,  but  none  shows  such  a  pronounced  negative  po 
larization  as  the  Martian  soil,  and  none  an  inversion  of  the  polarization  for 
such  a  high  angle  as  288. 

Pulverized  silicates  and  metallic  oxides  of  a  deep  brown  colour  have 
been  studied  : 

-  Pyroxene  :  ..ugito  SiU2  (Fe,  Ca,  Mg)0  in  brown-yellow  powder. 

-  hmphibolo  :  Hornblende  Si02  (~1,  Fo,  Ca,  Mg)0  in  deep  brown-yellow  powder. 

-  Zirconium  Oxide  :  Zircon  Si02,  ZrO  in  vory  light  yellow-orange  powder. 

-  Titanium  Oxide  :  Rutile  TiOg  in  deep  brown-red  powder. 

Hone  of  these  substances,  as  regards  their  jjolarimetric  properties,  shows  any 
connection  with  those  of  the  soil  of  Mars. 

Measures  taken  on  a  number  of  samples  of  volcanic  a3hes  of  groat 
variety,  give,  sometimes,  poxarimotric  curves  identical  to  those  given  by  the 
bright  areas  of  the  soil  of  ilarr ;  nevertheless ,  their  colours  differ,  in  gene¬ 
ral,  from  the  specific  yellow  colour  of  the  Martian  areas. 

The  Iron  Oxides  in  different  forms,  according  to  their  state  of  hydra- 
tation,  can  show  such  polarizations  by  oblique  viewing  and  an  inversion  at 
phase  angle  288.  Kon-hydrated  Hematite  (oligist  iron)  F3O  in  cherry-coloured 
powder,  sifted  in  small  grains,  as  well  as  its  red-ochre  variety,  arc  far  from 
reproducing  the  polarimetric  properties  of  the  Martian  soil. 

But  hydrated  samples  of  goethite  FG2O3H20  in  yellow  or  yollow-ochro 
powl-ro, particularly  the  yellow-brown  Limoni te,  Fc20j3H20  of  0.20  albedo, 
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reproduce)  exactly  the  polarization  of  the  bright  area3  of  Mars". 


Since  that  epoch,  a  great  many  confirmations  or  discussions  on  the 
identification  of  the  limonite  have  been  published,  but  they  are  mostly  based 
on  photometric  studies  or  theoretical  considerations.  V.V.  SHARONOV  (16), 
through  an  extensive  research  of  the  photometric  properties  of  the  bright 
areas  of  ilars  and  those  of  samples  of  terrestrial  substances,  was  able,  in 
1961,  to  identify  the  presence  of  limonite  in  the  form  of  an  ochre  powder, 
in  the  bright  areas  of  the  planet. 

A.  BINDER  and  D.  CRUIXSihJiK  (I7)(l8)  studied  the  reflectivity  of 
Mars  in  the  Infra-red  and  concluded  that  iron  oxides  of  limonite  type  could 
probably  be  the  constituent  of  the  bright  areas  of  the  planet,  in  which  case 
weathering  of  the  surfaces  of  grains  causes  a  coating  of  limonite. 

D.  HOVIS  (19)  ,  as  well  as  C.  S AGAN  and  his  colleagues  (20)  measured 
in  the  laboratory  Infra-red  spectr-  of  limonite  and  concluded  its  probable 
existence  on  Mars. 

J.A.  ADiJlCIK  and  his  colleagues  (21)  prepared  artificial  samples 
of  silicates  coated  with  limonite  to  reproduce  the  weathering  effect. 

R.L.  YOUNKIW  (22),  nevertheless,  obtained  Infra-red  spectra  of  Mars, 
which  do  not  seem  to  conform  to  the  identification  of  limonite. 

J.V.  SjiLISBURY  and  his  colleagues  (23) (24) (25)  as  well  as  C.  SAG.di 
(26)  examined,  from  the  geological  point  of  view,  the  possibility  of  tho 
existence  of  limonite  on  Mars. 

b)  New  investigations  :  Wo  submitted  the  initial  identification  of 
limonite,  obtained  in  1951  polarimetrically ,  to  a  more  accurate  analysis,  by 
studying  simultaneously  the  polarimetric  and  phoxometric  properties  of  sam¬ 
ples  and  taking  into  account  the  more  recent  photometric  and  theoretical  in¬ 
vestigations.  We  received  mineral ogical  samples  of  iron  oxides  and  limonite 
from  A.  C.JLLEUa  (Laboratory  of  Geology,  Sorbonne  -  Paris),  V.V.  SHARONOV 
(University  Observatory  of  Leningrad),  C.  SAGAN  (Harvard  College  Observatory). 
We  received  also  samples  of  limonite  artificially  deposited  on  grins  of 
silica  and  kaolin,  from  J.  ADAMCIK  (Texas  Technological  College).  A  largo 
number  of  measures  were  taken  in  the  laboratory  by  E.  BOWELL  in  1965  and  1966. 

The  polarization  measures  refer  to  tho  physical  structure  of  the 
surface;  the  photometric  measures  as  a  function  of  tho  wavelength  rofor  to 
the  material  of  which  the  grains  are  made.  The  characteristic  yellow  aspoct 
of  the  planet,  corresponds  to  a  very  rapid  change  in  the  reflectivity  of 
the  soil  of  Mars  in  the  visible  part  of  the  spectra;  this  is  fortunately 
a  criterion  of  particular  character,  because  the  association  of  tho  polari¬ 
zation  and  the  photometry  allows  the  selection  of  specific  samples  which 
can  define  the  Martian  soil  in  an  accurate  manner. 

c)  Texture  of  tho  Martian  soil  : 

The  texture  of  the  soil,  its  physical  structure,  i3  giver  by  tho 
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polarization.  In  1950,  we  selected  a  sample  of  limonite-goethite  which,  pulve¬ 
rized  in  small  grains,  reproduced  in  a  very  satisfactory  manner  the  polariza¬ 
tion  of  the  light  of  Mars  in  the  visible  part  of  the  spectrum  (j).  The  powder 
consisted  of  a  complex  mixture,  smaller  grains  enwrapping  larger  ones  as  a 
superficial  coating.  The  polarization  curve  of  this  sample  Dq  is  given  in 
Fig.  14. 


In  order  to  determine  the  size  and  texture  of  the  grains,  wo  sifted 
this  sample  to  obtain  two  new  powders,  the  first  consisting  of  largu  grains 
with  sizes  between  90  and  200  microns,  and  the  second  D2  of  fine  grains  surlier 
than  40  microns.  In  Fig.  14  arc  reproduced  the  corresponding  polarizatioi 
curves.  The  negative  parts  of  curves  Dp  and  D2  are  not  identical  with  those 
of  the  planet  Mars;  the  slopes  of  these  curves  beyond  the  angle  of  vision  of 
502  are  too  great.  The  curve  D2  is  closer  to  that  of  Mars  than  Dp,  this  speaks 
in  favour  of  the  fine  grains.  But  the  best  reproduction  of  the  polarization  of 
Mars  is  given  by  the  sample  Dq  consisting  of  a  blend  of  grains  of  any  size 
smaller  than  20C  micron,  in  which  the  smaller  wrap  the  larger. 

If  the  deposit  is  compressed,  or  slightly  squeezed,  the  minimum  pola¬ 
rization  becomes  -6  thousandths  instead  of  -10  thousandths,  which  in  that 
measured  on  liars.  But  the  deposits  of  Dq  which  wore  strongly  aerated  in  n  com¬ 
plex  non-squeezed  structure,  reproduce  the  polarization  of  the  light  of  Mars 
in  all  its  details. 

On  the  other  hand,  information  about  tho  structure  of  the  coil  of 
Mars  on  a  scale  larger  than  a  few  millimeters,  is  supplied  by  tho  photometric 
study  of  tho  reflecting  power  as  a  function  of  the  directions  of  illumination 
and  observation.  These  results  have  been  published  recently  in  another  paper 
(27).  Contrary  to  the  case  of  the  surface  of  tho  Moon,  the  .noil  of  Mars  is 
revealed  as  having  only  slight  roughness.  This  might  probably  bo  explained  by 
dust  being  transported  by  the  wind  and  deposited  as  a  uniform  layer  cn  tho 
surface  of  tho  planet. 

d)  Composition  of  the  constituent  material  : 

The  sample  Dq  gives  a  polarization  similar  to  that  of  Mars,  but  two 
more  difficulties  still  persist  : 

-  The  spectral  variation  of  the  reflectivity  of  the  said  substance  . 
in  the  visible  part  of  the  spectrum  does  not  reproduce  exactly  that  of  planet . 

-  The  geological  arguments  raised  by  J.  SALISBURY  and  his  colleagues, 
indicate  that  pure  limonitos-goethitos  have  __tt *.  chance  cf  existing  on 
Mars;  such  a  substance  would  preferably  be  present  in  tho  form  of  a  super¬ 
ficial  coating  enwrapping  grains  of  0  different  nature;  this  would  probably 
bo  due  to  the  action  of  atmospheric  agents. 

Wo  studied  the  polrximotric  and  photometric  properties  of  grains, 
artificially  coated  by  a  limonite  deposit.  J.A.  aDAMCIK  ido-Ily  cu  p- 
plied  us  with  two  samples,  named  A  anu  B,  having  the  following  compositions  ; 
"Goethite  wc-s  deposited  on  3ilicn  ground  to  pass  a  screen  with  62 
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32  %  A 
mosaiquc 
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micron  openings,  by  hydrolysis  of  ferric  nitrate.  The  material  obtained 
contained  16  ,o  goothite  and  is  described  as  "16  >c  goothite  on  silicc". 
Heating  this  material  to  4G02C  dehydrated  the  goethite  to  hematite  and  gave 
the  material  described  as  "14  >c  hematite  on  silica".  A  similar  procedure 
applied  to  kaolin  gave  "16  Va  goethite  on  kaolin"  ana  14  Vo  hematite  on  kaolin". 
Then  a  basic  mixture  was  prepared  which  contained  :  9  parts  (16  ,o  goethite 
on  silica),  3  parts  (14  ,»  hematite  on  silica),  3  parts  (16  y i  goothite  on 
kaolin)  and  1  nt  (14  hematite  on  kaolin).  Then  sample  A  was  prepared  by 
adding  0,65  Vo  magnetite  (Fe^O^)  to  the  basic  mixture,  and  sample  3  by  adding 
22  /V  of  hornblende  (ground  to  pass  a  62  micron  screen)  to  another  portion  of 
the  basic  mixture". 


The  polarization  curves  of  the  samples  A  and  B  reproduced  in  Fig. 

15  do  not  exactly  fit  the  curves  obtained  from  the  planet;  they  seem  to 
characterize  transparent  grains.  The  curves  showing  the  variation  of 

the  reflecting  power  of  the  samples  are  reproduced  in  Fig.  together  with 
the  photometric  curves  obtained  from  Mars.  Those  curves  are  not  identic  a  2; 
they  exhibit  great  slopes,  and  the  corresponding  reflecting  power  is  too 
high  in  the  red.  The  agreement  between  photometric  properties  of  the  samples 
and  those  of  the  surface  of  Mars  would  probably  be  improved  if  the  consti¬ 
tuent  material  of  the  inner  part  of  the  grains  of  samples  A  and  B  were  more 
opaque  and  absorbent. 


Dr.  E.  BCWELL  studied  in  our  laboratory  at  the  Meudon  Observatory, 
new  mixtures  with  compositions  ranging  between  those  of  the  samples  A,  13  raid 
D  as  well  as  a  powder  of  pulverized  hematite  H  (see  Fig.  16  and  17).  Two 
typos  of  associations  are  considered  :  a)  direct  mixture  of  grains  of  dif¬ 
ferent  constituents,  b)  juxtaposition  of  the  different  constituents  in  the 
form  of  a  mosaic.  In  the  first  case,  the  measures  were  taken  directly  in 
the  laboratory;  in  the  second  case,  the  resulting  reflecting  power  is  cal¬ 
culated  by  formula  : 

K  =  rKigj.  ^  P=  ^PiKiQi 

C  KiQi 

Qi  =  Proportion  (in  c/°)  of  each  constituent,  i 

Ki  =  Reflecting  power  of  each  constituent,  i 
Pi  =  Polarization  of  each  constituent,  i 

Four  mixtures  reproduce  well  the  spectral  reflectivity  of  I*iars  : 


=  30  ,o  • 

M2  =  87  *  D2  , 

M5  =  43  "fi  D2  , 

M4  =  68  *>  Dq  , 


20  H  (mixture  of  grains) 

13  H  (mosaic) 

42  jto  A,  15  /o  H  (mosaic) 

32  yo  A  (mosaic) 


The  polarization  curves  are  reproduced  in  Fig.  17 •  The  sample  M 
reproduces  the  polarization  of  the  light  of  Hars  to  1  or  2  thousandths 
approximately.  The  relative  photometric  curve  is  identical  to  that  resulting 
frera  measures  taken  on  liars.  Moreover,  this  mixture  reproduces  the  polariza¬ 
tion  of  the  light  of  liars  in  the  Infra-red  (Fig.  18)  because  the  negative 
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branch  of  tho  polarization  curve  of  th_-  planet  in  the  Infra-rod  is  indepen¬ 
dent  from  the  wavelength  (Fig.  4). 

The  mixture  il^  corresponds  to  tho  juxtaposition  of  grains  of  pure 
limonite-go jthite  and  of  grains  of  silica  and  kaolin  coatecl  by  a  superfi¬ 
cial  deposit  of  limonite. 

Naturally,  the  composition  of  tho  mixture  is  not  a  critic.il  one. 
Various  nixturos  of  grains  consisting  of  absorbent  materials,  the  surface  of 
which  is  com±l<-tely  coated  with  limonite  or  goothitc,  should  reproduce  satis¬ 
factorily  the  polarinetric  and  photometric  properties  of  the  soi1  of  Mars. 

o)  Conclusion  : 

The  surface  of  the  soil  of  the  ochre  coloured  dosertic  bright  areas 
of  liars  is  similar  to  a  mixture  of  fine*  grains  of  any  size,  wrapping  each 
other  and  forming  a  sufficiently  aerated  deposit  of  a  low  roughness.  The 
grains  consist  of  limonite,  or  a  pulverized  absorbent  and  opaque  material 
with  th~  surface  of  the  grains  coated  by  a  deposit  of  hydrated  iron  oxide  of 
thu  '’limonite"  type. 
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SURVEY  OF  QHa  POURLfcTRIC  ffl^uSUREi-^To  OF  THE  DARK  ARMAJ  OF  MARS  SIHGS  1948  : 

The  dark  areas  of  the  surface  of  mars  show  a  polarization  slightly 

different  from  that  of  bright  desertic  areas. 

The  neasuros  taken  on  the  dark  areas  during  the  last  nine  appari¬ 
tions  of  Kars  since  1948,  enabled  us  to  trace  their  polarization  curves  repro¬ 
duced  in  Fig.  19  to  27.  We  classified  these  areas  into  j  groups  :  southern, 
equatorial  and  northern. The  proportion  of  polarized  light  P,  was  plotted, 
for  each  apparition,  against  the  angle  of  vision;  the  figures,  moreover,  show 
the  heliocentric  longitude  of  the  planet,  wiiich  characterizes  the  Martian  seasxi. 

In  1948,  Fig.  19,  'the  northern  hemisphere  of  the  planet  was  in  spring 
and  the  southern  in  fall.  The  dark  araa3  of  each  hemisphere  givw  polarimetric 
curves  different  from  those  of  the  other. 

In  1950,  Fig.  20,  by  starting  summer  of  the  northern  hemisphere,  dis¬ 
crepancies  between  the  polarization  of  the  southern  and  northern  dark  areas 
still  persist. 

Measures  taken  in  1952,  Fig.  21,  correspond  to  the  end  of  the  summer 
and  the  start  of  the  fall;  the  polarization  curves  of  the  dark  areas  of  the  two 
hemispheres  become  aHiO^t  alike. 

In  1954,  Fig.  22,  the  fall  is  over;  the  polarimetric  curves  of  all  the 
dark  areas  are  identical. 

In  1956,  the  measurements  before  opposition  were  disturbed  by  yellow 
veils  in  tin.  Martian  atmosphere.  After  opposition,  the  northern  hemisphere  of 
the  planet  was  -n  winter;  the  detailed  study  of  the  individual  dark  spots  seen 
between  the  veils  shows  discrepancies  with  stronger  negative  polarization  on 
the  southern  spots. 

In  1958,  Fig.  24,  the  Martian  atmosphere  was  practically  free  from 
Veils  before  opposition.  The  southern  hemisphere  was  in  middle  summer the 
polarization  of  the  spots  of  the  two  hemispheres  shows  but  a  slight  difference. 

In  1961,  Fig.  25,  the  second  part  of  the  agyarition  corresponds  to 
the  start  of  the  northern  spring  with  the  dark  spots  showing  again  a  weaker 
polarization  than  those  in  the  south. 

In  1965,  Fig.  26,  the  planet  was  in  almost  similar  seasonal  conditions 
as  in  1961;  the  slight  difference  in  the  polarization  of  the  dark  spots  in  the 
two  hemispheres  persists.  After  opposition,  the  northern  hemisphere  of  the  pla¬ 
net  is  in  middle  spring,  but  veils  in  the  Martian  atmosphere  disturb  the  mea¬ 
surements. 

Finally,  in  1965,  Fig.  27,  the  first  part  of  the  curve  corresponds  to 
the  middle  of  spring  of  the  northern  hemisphere,  in  which  the  dark  spots  show 
a  stronger  negative  polarization  than  those  of  the  southern  hemisphere .  this 
wn3  observed  in  IS48  during  the  equivalent  season. 

Our  observations  refer  to  a  period  of  18  years  and  cover  a  complete 
Martian  seasonal  cycle. 

It  results  from  the  above,  that  the  dark  spots  of  the  surface  of  ll-re 
show  a  seasonal  variation  of  polarization  manifested  during  the  Martian  spring. 
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During  this  season,  tho  polarization  bu cocos  stronger  in  tho  negative  sense. 
In  order  to  study  this  seasonal  variation,  wo  selected  tho  measures  corres¬ 
ponding  to  the  phase  angle  of  259. 

Table  N®  5  shows  for  each  observational  year  : 

-  tho  heliocentric  longitude  of  the  planet  for  the  phase  angle  of 

252. 

-  The  difference  Pjj  -  P„  between  the  polarization  of  the  northern 

and  the  southern  dark  spots,  for  the  pha3e  angle  of  25-. 

-  The  difforenco  Pjj  -  Pq  between  the  polarization  of  the  northern 
dark  spots  and  that  of  the  neighbouring  bright  areas. 

-  Tho  difference  Pg  -  Pq  betwoon  the  polarization  of  tho  southern 
dark  spot3  and  that  of  the  neighbouring  bright  areas. 

TABLo  III 


Year 

Ilrlico. 

Lcngit. 

Pd  -  p3 

/AC 

PN*P0 

** 

ps  po 

1948 

164 

-6 

-  4 

+  2 

1950 

197 

-  6 

-  4 

+  2 

1952 

2p7 

-  4 

-  1 

+  3 

1954 

255 

-  1 

0 

+  1 

1954 

291 

0 

+  1 

+  1 

1956 

6 

♦  2 

-  0,5 

-  2,5 

1958 

56 

0 

0 

0 

1961 

115 

-  2 

-  1,5 

♦  0,5 

1963 

119 

-  2,5 

-  2 

+  0,5 

1965 

157 

-  5 

-  5 

+  2 

The  cycle  of  th.  seasonal  variation  of  the  polarization  of  the  dark 
areas  of  liars  is  given  by  Fig.  28,  resulting  from  the  data  of  Table  5.  Jecis- 
sae  represent  the  heliocentric  longitudes  and  the  limits  of  the  seasons  for 
the  two  hemispheres  of  the  planet;  Ordinates  represent  PH  -  Pq  and  Pg  -  Pq. 
The  differences  of  polarization  are  maxima  at  the  end  of  tho  spring  and  occur 
principally  during  spring  and  summer  of  each  hemisphere. 

It  is  known  (12)  that  the  dark  areas  of  the  surface  of  liars  show  va¬ 
riations  of  their  intensity  which  s~em  to  propagate,  with  tho  season,  from 
tho  polos  towards  the  Equator,  during  the  spring  and  summer  of  each  hemi¬ 
sphere  of  the  planet,  it  is  clear  that  the  seasonal  variation  of  the  polari¬ 
zation  of  tho  dark  areas  is  associated  with  tho  seasonal  variation  of  their 
intensity. 
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In  viwW  of  thj  fact  that  the  polarization  of  the.  light  characte¬ 
rizes  the  contexture  of  the.  surface  in  a  microscopic  scale,  it  should  be 
admitted  that  the  darkening  of  the  dark  areas  in  spring  is  associated  vdth 
a  change  of  their  microscopic  contexture. 

This  verification,  bas^d  now  on  pol crime ter  observations  extending 
ovor  an  J8  year  period,  confirms  the  preliminary  results,  pointed  out  in 
1955  (3). 
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DL’TURIilllATIOil  OF  Tidl  JCATTLRIHG  CQ13TICIKiT  OF  Tldl  AIiI03PLuR,3 


of  .aas  is  o.ti  ;iicao 


Tue  polar imetric  measures  collected  during  the  apparition  of  !iars 
in  19U3  and  1950,  completes  to  a  certain  extent  by  measures  taken  in  1952, 
allowed  a  prelininary  determination  of  the  quantity  of  light  scattered  ti¬ 
the  atmosphere  of  the  planet  (28  ).  3uch  a  determination  vas  based  on  the 

measures  made  on  the  bright  areas  of  ilars.  The  luminance  of  the  Ilartian  atmos¬ 
phere  for  its  whole  depth  at  the  center  of  the  disc,  at  zero  phase,  has  been 
estimated  to  be  0,023  stilb  at  1  astronorical  unit  from  the  Sun,  for  ,)*  0,6i 
nicron.  The  corresponding  diffusion  factor  amounts  to  0.0017  stilb/phot.  If 
the  atmosphere  vac  completely  free  free  aerosols ,  the  atmsopheric  pressure  of  t.;c 
ground,  necessary  to  give  such  a  brightness  should  be  of  the  order  of  £ 0  to 
90  millibars,  however,  this  first  de termination  vas  "cased  on. iV  polar inetric  . 
sequences  cjily  ,  they  have  beer,  combined  with  some  very  preliminary  Photometric 
measures  ,  tne  only  available  at  the  time  .  moreover ,  at  that  epoch  .  ve  coulu 

r.ot  know  in  detail  the  pollution  properties  of  the  2 art i an  atmosphere. 


Recently.  L.W.P.  CAIIP  (  29  )  revised  this  value  by  using  the 
same  polar ime trie  measures t  combined  with  more  accurate  photometric  measures 
published  by  A.  J0LLFU3  in  1956  (  30  ).  This  revision  yave  0.013  stilb  at 
unit  distance  from  the  Sun  j  this  value  corresponds,  for  a  very  clear  atmos¬ 
phere,  to  a  pressure  on  the  ground  of  the  planet,  of  approximately  50  millibars 
only. 


Hie  great  number  of  polar imctric  measures,  previously  summarized, 
allows  now  a  very  responsive  improvement  of  these  preliminary  determinations. 
Among  the  >,200  measures  of  polarization  taken  during  the  last  IS  years 
in  yellow  light  on  the  bright  areas  of  the  planet ,  vo  selected  these  cor* 
responding  to  periods  in  which  the  Ilartian  atmosphere-  has  been  considered  to 


be  particularly  free  form  aerosols  (See  Fig.  5  to  13) 

.1  thu  riou  1  o-vi  _„t  .illw.:  tv.- *7’  ;f  thw  r.  '•  rttii'm 


.  moreover,  the  ar.alys. '0 
r  thw  p.l  rizod  light 


at  the  disc's  limb,  ell-ved  a  3wCond  selection  of  observation*;  those  of 

the  first  selection  (see  for  example  Fig.l.)  for  the  elimination  of  local  haze  cr 
temporary  atmospheric  pollutions.  Finally,  observations  secured  in  1*3  nights  only 
have  beer,  retained  i  these  observations  characterize  the  period  in  which  the 
martian  atmosphere  was  of  a  particular  limpidity.  These  observational  sequences 
give  the  proportion  of  polarized  light  ?  (^)  of  the  uniform,  bright  areas  of 
the  soil  of  liars,  for  different  distances  from  the  center  of  the  disc  in  a 
direction  perpendicular  to  the  line  joining  the  cusps. 


If  ?  (0°)  represents  the  polarization  observed  at  the  center 
ci  the  disc  for  0  “  9 ,  we  establish  the  differences  ?(0)-P(0°)  between  the  mea  ¬ 
sures  taken  at  the  disc's  limb  and  the  center.  Me  obtain  such  data  fer  di  fare*  t 
values  of  the  phase  angle  V. 


We  consider  B  (v,  0)  to  be  the  luminance  of  the  ruLtiar  atmosphere 
observed  through  its  whole  depth  at  the  distance  9  from  the  disc’s  center, 
for  the  phase  angle  V,  C  (V,  Q)is  the  luninance  of  the  bright  areas  of  the 

soil  of  Hars  for  >»  =0.61  micron  the  values  of  are  given  by  the  photo¬ 

metric  measures  collected  by  A  FOLLFUC  jn  1950  and  195  2  which  arc 
summarized  in  the  left  figure  of  plate.  .  or.  ov  r  ?r(0)  be  the  dif¬ 
ference  of  polarization  giver,  by  the  soil  at  the  center  of  the  disc  for  the 

inclination  9  this  quantity  P  is  small  and  was  determined  through  mea¬ 
surements  carried  out  in  laboratory  on  samples  having  the  same  properties 
than  the  soil  of  Hars  the  values  of  (9)  are  given  as  a  function  of  9 
by  the  upper  curve  of  Fig  29 

Let  B  (V)  and  P  (V)  be  the  luninance  and  the  polarization  given  by  the 
atmosphere  of  Mars  at  the  center  of  the  disc. 

We  have  '  B  (V  9)  =  3  (V,0) 

a  e 

cos  9 

17 e  admit  now  that  due  to  their  selection,  the  measures  refer  to 
areas  v/hcrc  the  atmosphere,  is  composed  of  molecules  »or  particles  sr.al  x 
than  the  wave  length,  diffusing  the  light  as  the  molecules 

I>  (V,  9)  3  (0,  C)x  1  +  cos2  V  and  P  (V)  *  sin2V  ' 

a  a  cos  0  2  a  I  +  Voe'2  V 

The  polarization  of  the  soil  and  that  of  the  atmosphere  are  co.  > in 
(3)  and  give 


(0,0)  x  sin  V 

P(V,  9)  =  (V)  +  Pr  (9)  +  3  (T 0)'”  T'cTTsIT 

d  O 

The  difference  between  thv  m  nsures  taken  at  the  imb  and  the  center 
of  the  disc  give  • 


P(0)  -  P(0)  P  0  - 

S  3  (0  .0) 


;ir r  V 


5  (0/9)  1  3  (0  0) 


Rr  (V.O)  c  (V.O) 


or 


Y  -  x 


^  and  P  (0)  arc  giv^r.  by  Fig  29  and  Fig, 

B’(ev)"  s 

s 

P(0)  -•  P(0)  are  given  by  the  observations. 

On  fig .29  the  measures,  on  the  whole  define  a  straight  line  tin 

at  the  true  opposition 


slope  of  which  determines  3 

-  =10,0  y.  10 

for  the  bright  areas  at  the  center  of  the  disc  and  for  X  =■  0,61  micro*' 

The  photometric  measures  (30  )  give  B  =  0  35  stilb  at  o  52  A.i 
from  the  sun.  The  illumination  given  by  the  Gun  at  unit  distance  is  13. _  Vv.» 
Consequently.,  the  global  scattering  power  of  a  vertical  column  of  niv  e  .. 
center  of  the  disc  of  the  planet,  at  null  phase  in  o’.-ngo  light  0  si  wit;.''?1, 
under  the  best  observing  conai*ions~of  atmospheric  transparency  on  '  n:  r 
arounts  to  ;  Ka(0  61ir.icron.)=  19,10  x  0  35  x  (1  52)-  I  ~  6,0.10-  ! st i V.  /pnei 

13,5 
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Suppose  the  atmosphere  of  the  planet  really  pure  containing  only 
molecules,  for  example  of  nitrogen,  the  scattering  power  of  which  amounts  - 
under  the  normal  conditions  of  pressure  and  temperature  and  l.ay^r  depth  -  tw  . 
h  cm  :  =  2  Rh.(R  =  Rayleigh's  constant  =  4.3  x  Iu-9).  Th~  depth  of  th  ; 

Martian  atmosphere,  under  normal  conditions,  should,  therefore  be  :  7.10r  c:a 
and  th„  atmospheric  pressure  on  the  ground  approx.  30  millibars. 
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DETERMINATION  OF  THE  SCATTERING  OF  THE  ATMOSPHERE  CF  MARS  AT  0.47  MICRON  : 


The  pel arime trie  measures  allow  still  the  determination  of  the  lumi¬ 
nance  of  the  Martian  atmosphere  in  blue  light.  Fig.  6  and  7  give  the  polariza¬ 
tion  of  the  light  at  the  center  of  the  disc  by  maximum  phase  angle  V  =  39fl9 
in  1965.  The  curves  express  the  slow  variation  of  the  polarization  as  a  func¬ 
tion  of  the  phase  angle  V.  During  certain  periods  (end  of  June  and  start  of 
July  1965),  the  discrepancies  between  the  measures  indicated  the  presence  of 
thin  veils  of  ice  crystals  in  the  Martian  atmosphere.  Number  of  measures  do 
not  seem  to  bo  affected  by  veils.  Those  selected  for  the  phase  angles  between 
39*6  and  the  maximum  value  of  3999  are  reported  on  Fig. 30  as  a  function  of 
thu  inverse  of  tho  wave  length;  they  give  the  curve  of  the  spectral  varia¬ 
tion  of  tho  polarization  for  the  average  phase  angle  V  =  39®8  when  the  Martian 
atmosphere  is  clear.  This  curve  can  be  compared  with  the  measures  taken  in 
laboratory,  for  the  same  phase  angle,  on  samples  of  pulverized  liaonite  nnd 
gocthito,  wiiich  reproduce  the  polarization  of  the  light  givon  by  tho  martian 
soil  (Fig.  14  to  18).  In  the  Infra-rod,  tho  polarizations  rocordod  on  ilars 
and  the  samples  aro  very  close;  the  light  scattered  by  the  interposed  Martian 
atmosphere  is  practically  negligible.  Towards  the  blue,  the  curves  diverge; 
the  discrepancy  is  to  be  attributed  to  the  atmosphere  above  the  soil  of  Mars; 
the  brightness  of  the  atmosphere  increases  rapidly  with  decreasing  wavelength; 
the  difference  amounts  to  :  23  thousandths  for  ^  =  0.47  micron. 


Let  us  suppose  that  the  Martian  atmosphere,  free  from  discernible 
impurities,  polarizes  the  light  as  the  molecules  of  a  pure  gas  : 


B  (/),V)  and  B  (/),V)  are  the  luminances  of  tho  atmosphere  and  the  soil  at 
the  center  of  the  disc.  Calculations  analogous  to  those  developed  above  give  : 


AP  «  B  (},V=0«)  8in2  v  Ba(^=0.47  micron,  V 


2AP 

THW  =  °*110 


The  luminance  Bs  of  the  soil  for  the  wavelength  0.47  micron  for 
the  phase  angle  3928,  can  be  determined  from  the  photometric  measures  collec¬ 
ted  by  A.  DOLLFUS  in  1950  and  1952  (30  ).  At  zero  phase,  at  the  center  of 
the  disc,  Bg  (^=  0.47  micron,  V  =  0#)  =  0.060  timos  the  luminance  of  a  per¬ 
fect  scatterer;  for  the  phase  angle  V  =  29fi2,  wo  found  0.065;  and  extrapola¬ 
tion  for  V  =  39*6  gives  0.06  approx,  for  the  sub-solar  point  and  approx. 

0.05  for  the  center  of  the  disc,  corresponding  to  a  luminance  of  0.06  stilb 
at  1.52  A.  11.  from  the  Sun. 


Therefore,  the  luminance  Ba(0,o)  of  the  atmosphere  of  the  planet  at 
zero  phase,  at  the  center  of  the  disc,  for  4=  0.47  micron,  amounts  to 
O.II  x  0.08  =  8.8  x  10-5  stilb  at  1.52  A.U.  and  gives  a  scattering  coefficient 

of  about  ;  kJo.47  micron)  =  15.10-4  stilb/phot. 


45 
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RESIDUAL  POLLUTION  OF  THE  ATMOSPHERE  OF  MARS  : 

We  have  found  for  the  red  : 

Ka(0.6I  micron)  =  6,0.10“^  stilb/phot. 

If  the  atmosphere  of  liars,  free  from  discernible  aerosols,  scatters 
as  the  molecules  of  a  pure  gas,  KQ  should  vary  inversely  as  the  fourth  power 
of  the  wavelength  and  give  : 

Ka  (0.47  micron)  =  Ka(0.6l  nicron)  0.61  ^  =  I7,5.I0”4  stilb/phot. 

There  is  but  a  slight  discrepancy  between  this  value  and  that  ob¬ 
tained  here  above,  viz,  15. I0“4.  Consequently,  in  the  regions  whore  tho  Mar¬ 
tian  atmosphere  seems  to  be  pure,  there  cannot  remain  appreciable  quantities 
of  aerosols  scattering  the  light  in  a  very  different  way  than  molecules,  like 
particles  having  a  diameter  larger  than  the  wavelength  of  the  light. 

Nevertheless,  particles  having  a  diameter  much  smaller  than  the 
wavelength  increase  the  scattering  power  of  tho  air  but  polarize  about  as 
much  as  the  molecules;  they  could  escape  our  analysis.  If  this  is  the  case, 
the  atmospheric  pressure  of  j0  millibars,  corresponding  to  tho  luminance 
observed  at  0.61  micron,  should  be  considered  too  high. 

The  new  ueterminations  of  the  atmospheric  pressure  by  spectroscopy 
(31) (32) (33)  or  by  the  spacecraft  Mariner  IV  (34)  give  lower  values,  between 
9  and  20  millibars.  If  such  is  the  case,  tho  Martian  atmosphere  should  con¬ 
tain  permanently  a  small  quantity  of  aerosols  of  diameters  smaller  than  the 
wavelength,  scattering  light  as  molecules,  and  increasing  the  scattering  power 
of  the  air  to  a  ratio  between  0.5  to  5  times  its  proper  luminance. 


i  4*. 
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TR^SPARpTO  BLUE  : 

,,  vt  Th°  daPk  ?roas  of  the  soil  of  disappear  almost  ccripletoly  in 
'"'  uo  ,nI1^  this  has  of  ton  boon  attributod  to  tile  strorr  -  nbsorp- 

i°n  caused  by  a  hypothetical,  permanent  blue  veil  in  the  atnosphere^of  Mars. 


Though  the  values  above  established  for  the  blue  light  : 


Ba(V  =  02)  =  o.IIG  x  BS(V  =  p928)  wl. 


on  the  other  hand 


B3(V=2998)=0.p^  =BS{H£). 


Therefore,  the  luminance  3a  of  the  atmosphere  amounts,  for  the  phase 
to  O.i I  x  (L0J5  =  0.07  times  the  lu-iinance  of  the  soil  uilv. 

0.08 


0.08 

angle  zero, 


This  7  /*  amount  of  light,  comingfrom  the  atmosphere,  is  too  weak  to 
screen  the  dark  features  of  the  surfac.  of  Mars  efficiently  and  make  them  disap- 
Pv^ar;  the  dark  markings  vanish  in  the  blue,  because  the  reflecting  powers  of 
the  bright  and  dark  areas  of  Mars,  in  this  spectral  domain,  are  very  close.  Con¬ 
sequently,  duo  to  the  very  low  contrast  between  the  said  areas,  thj  orosenco  of 
even  very  faint  additional  atmospheric  veils  is  sufficient  to  off  ace"  completely 
the  surface  markings.  For  instance,  the  so  called  "blue"  clouds,  observed  al¬ 
most  permanently  at  the  rising  and  setting  limbs  and  often  in  other  areas  of 
ho  disc  emu  nook  completely  details  of  the  soil;  concentrations  of  aerosols 
of  minor  importance  in  view  of  the  very  low  contrast  between  bright  and  dark 
areas,  can  produce  this  effect.  The  more  rare  "yellow  v.ils",  cvni  very  thin 

ones,  consisting  of  flying  dust,  can  equally  completely  mask  the  markin-c  of 
the  soil  m  blue  light  (5).  " 
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